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Launching  a n  Apo l lo  l u n a r  m i s s i o n  w i t h  a p r e d e t e r -  
mined ,  f i x e d  l a u n c h  a z i m u t h  (" launch-on- t ime")  or a t  l e a s t  
r e d u c i n g  t h e  d u r a t i o n  o f  t h e  l a u n c h  window has been  s u g g e s t e d  
as a means o f  i n c r e a s i n g  t h e  l a u n c h  v e h i c l e  p a y l o a d  c a p a b i l i t y  
and  r e d u c i n g  t h e  c o m p l e x i t y  o f  p r e p l a n n i n g  and  c a r r y i n g  o u t  
a m i s s i o n .  T h i s  memorandum p r e s e n t s  an  a n a l y s i s  o f  t h e  l a u n c h  
v e h i c l e  p a y l o a d  c a p a b i l i t y  , l a u n c h  window d u r a t i o n ,  communi- 
c a t i o n s  and t r a c k i n g  c o v e r a g e ,  and a b o r t  r e c o v e r y  c a p a b i l i t i e s  
as a f u n c t i o n  o f  t h e  s p e c i f i c  a z i m u t h  or r a n g e  of  a z i m u t h s  
c h o s e n  f o r  a p o s s i b l e  l a u n c h .  T h i s  i n f o r m a t i o n  i s  u s e f u l  i n  
d e t e r m i n i n g  t h e  l a u n c h  az imuth  (or r a n g e  o f  a z i m u t h s )  to be  
u s e d  i f  t h e  l a u n c h  window i s  t o  b e  r e d u c e d .  

I f  t h e  " launch-on-t ime' '  c o n c e p t  were employed 
u t i l i z i n g  a 90" l a u n c h  a z i m u t h ,  t h e  l a u n c h  v e h i c l e  p a y l o a d  
c a p a b i l i t y  would be  i n c r e a s e d  by o v e r  900 pounds which would 
a l l o w  a b o u t  a 450 pound i n c r e a s e  i n  t h e  s p a c e c r a f t  i n e r t  w e i g h t .  
The number of  Apollo/Range I n s t r u m e n t a t i o n  A i r c r a f t  ( A / R I A )  
c o u l d  be r e d u c e d  by f o u r  ( f r o m  e i g h t  to f o u r )  and t h e  number 
of a b o r t  r e c o v e r y  a i r c r a f t  c o u l d  b e  r e d u c e d  by  one ( f rom s i x  
t o  f i v e ) .  The r e q u i r e d  number of  t r a c k i n g  s h i p s  ( two ;  one 
i n s e r t i o n ,  one i n j e c t i o n )  would n o t  b e  r e d u c e d  b u t  t h e  number 
o f  a b o r t  r e c o v e r y  s h i p s  cou ld  p o t e n t i a l l y  b e  r e d u c e d  by two 
( f r o m  s e v e n  t o  f i v e ) .  I f  96' ( i n s t e a d  o f  90")  were chosen  as 
t h e  " launch-on- t ime"  a z i m u t h ,  t h e  p a y l o a d  c a p a b i l i t y  would 
o n l y  i n c r e a s e  a b o u t  800  pounds b u t  t h e  A n t i g u a  t r a c k i n g  s t a t i 9 n  
c o u l d  p r o v i d e  one m i n u t e  o f  p o s t - i n s e r t i o n  t r a c k i n g ,  p e r h a p s  
s u f f i c i e n t  t o  e l i m i n a t e  t h e  need f o r  t h e  i n s e r t i o n  t r a c k i n g  
s h i p .  Economies o t h e r  t h a n  l a u n c h  v e h i c l e  p a y l o a d  and  i n s e r z  
t i o n  t r a c k i n g  are  r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  p a r t i c u l a r  

launch-on- t ime"  a z i m u t h  chosen .  I? 
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I .  I N T R O D U C T I O N  

I t  has  been  s u g g e s t e d  t h a t  a r e d u c t i o n  i n  t h e  l a u n c h  
window f o r  A p o l l o  l u n a r  l a n d i n g  m i s s i o n s  c o u l d  be b e n e f i c i a l .  
Three  p o s s i b l e  g o a l s  i n  r e d u c i n g  t h e  l a u n c h  window d u r a t i o n  a r e :  

1. I n c r e a s i n g  t h e  maximum l a u n c h  v e h i c l e  p a y l o a d  
c a p a b i l i t y .  

2 .  Reducing  t h e  number of  s h i p s  and a i r c r a f t  
r e q u i r e d  t o  s u p p o r t  a l u n a r  m i s s i o n  or c o n v e r s e l y  
i n c r e a s i n g  t h e  s u p p o r t  c a p a b i l i t y  of  t h e  
e x i s t i n g  f l e e t .  

3 .  Reducing  t h e  complex i ty  o f  t h e  m i s s i o n  i n  
t e r m s  of  p r e p l a n n i n g  as w e l l  as  a c t u a l l y  
c a r r y i n g  o u t  t h e  m i s s i o n .  

The r e d u c t i o n  i n  t h e  d u r a t i o n  o f  t h e  l a u n c h  window 
i s  implemented  by  n a r r o w i n g  t h e  u s e f u l  l a u n c h  az imuth  s e c t o r  
f rom t h e  c u r r e n t  26O s e c t o r  (be tween  72' and 108O). The t h r e e  
g o a l s  men t ioned  above  c a n  each  f a v o r  a change i n  t h e  az imuth  
l i m i t s  t o  d i f f e r e n t  v a l u e s .  T h e r e f o r e ,  t h e  g a i n s  r e a l i z e d  i n  
a t t a i n i n g  e a c h  o f  t h e  g o a l s  m u s t  b e  weighed a g a i n s t  t h e  l o s s e s  
i n  terms o f  t h e  o t h e r  g o a l s .  

T h i s  memorandum p r e s e n t s  t h e  r e s u l t s  o f  a n  a n a l y s i s  
of t h e  e f f e c t s  o f  r e d u c i n g  t h e  l a u n c h  window and p r e s e n t s  i n f o r -  
m a t i o n  t h a t  i s  u s e f u l  i n  d e t e r m i n i n g  which l a u n c h  a z i m u t h  s e c t o r  
s h o u l d  b e  c h o s e n .  S e c t i o n s  11, 111, I V Y  and V p r e s e n t  t h e  
separa te  e f f e c t s  ( p a y l o a d  v a r i a t i o n ,  l a u n c h  window d u r a t i o n ,  
l a u n c h  a b o r t  r e c o v e r y  f o r c e s ,  and communicat ion and t r a c k i n g  
e f f e c t s )  o f  chang ing  t h e  l aunch  a z i m u t h  l i m i t s ,  w h i l e  S e c t i o n  
V I  p r e s e n t s  t h e  combined e f f e c t s  of s u c h  a change .  

T h i s  memorandum i s  n o t  conce rned  w i t h  a change i n  
t h e  p r o b a b i l i t y  of a n  on-time a n d / o r  s u c c e s s f u l  l a u n c h  i f  t h e  
l a u n c h  window i s  r e d u c e d .  
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11. PAYLOAD V A R I A T I O N  

S i n c e  t h e  90' l a u n c h  a z i m u t h  maximizes t h e  l a u n c h  
v e h i c l e  p a y l o a d  c a p a b i l i t y  (due  t o  t h e  e a r t h ' s  r o t a t i o n ) ,  t h e r e  
i s  a p a y l o a d  loss a s s o c i a t e d  w i t h  any l a u n c h  az imuth  o t h e r  t h a n  
g o o .  F i g u r e  1 i l l u s t r a t e s  t h e  v a r i a t i o n  i n  p a y l o a d  l o s s  w i t h  
l a u n c h  a z i m u t h .  The  p a y l o a d  loss c u r v e  i s  a p p r o x i m a t e l y  p a r a -  
b o l i c  s o  t h a t  t h e  p a y l o a d  l o s s  i n c r e a s e s  i n  p r o p o r t i o n  t o  t h e  
s q u a r e  o f  t h e  az imuth  d e v i a t i o n  from 90". Thus ,  i n  terms o f  
p a y l o a d ,  t h e  m o t i v a t i o n  f o r  na r rowing  t h e  l a u n c h  a z i m u t h  s e c t o r  
i s  s t r o n g .  

If  i t  i s  d e s i r e d  t o  r e d u c e  t h e  maximum p a y l o a d  l o s s  
by  500 pounds ,  from a b o u t  930 pounds t o  430 pounds ,  t h e  a z i m u t h  
r a n g e  from 78' t o  102 '  (or even 103' s i n c e  t h e  p a y l o a d  loss 
c u r v e  i s  s l i g h t l y  unsymmet r i ca l )  c o u l d  b e  u t i l i z e d .  If o n l y  
1 0 0  pounds of p a y l o a d  l o s s  i s  t o  b e  t o l e r a t e d  ( a  g a i n  of o v e r  
800  pounds compared t o  t h e  p r e s e n t  c a s e ) ,  t h e  az imuth  r a n g e  
from 85' t o  95' (or 96') could  s t i l l  be u s e d .  Thus,  once  t h e  
maximum t o l e r a b l e  p a y l o a d  loss (compared t o  90') has been  
s e t t l e d  upon, t h e  d e t e r m i n a t i o n  o f  t h e  az imuth  l i m i t s  a s s o c i a t e d  
w i t h  t h i s  l o s s  becomes a s i m p l e  t a s k .  

The u s e f u l n e s s  o f  t h i s  a d d i t i o n a l  p a y l o a d  d e s e r v e s  
f u r t h e r  d i s c u s s i o n .  According t o  F i g u r e  1, i f  t h e  l a u n c h  
v e h i c l e  were c a p a b l e  o f  i n j e c t i n g  1 0 0 , 0 0 0  pounds on a t r a n s -  
l u n a r  t r a j e c t o r y  w i t h  a launch  az imuth  o f  72O, i t  would b e  
capable  o f  i n j e c t i n g  abou t  1 0 0 , 9 0 0  pounds i f  a 90' l a u n c h  
a z i m u t h  were employed. If t h e  72' and 108' l a u n c h  a z i m u t h  
l i m i t s  a r e  employed, t h e  1 0 0 , 9 0 0  pound p a y l o a d  c a p a b i l i t y  i s  
m e a n i n g l e s s  s i n c e  t h e  s p a c e c r a f t  f u e l  w e i g h t s  canno t  b e  v a r i e d  
d u r i n g  t h e  l a u n c h  window. I F  i t  i s  known t h a t  t h e  90' l a u n c h  
a z i m u t h  i s  t o  b e  u t i l i z e d ,  t h e r e  i s  a p o t e n t i a l  p a y l o a d  g a i n  
o f  900 pounds .  T h e  e n t i r e  900  pounds cannot  b e  added t o  Command/ 
S e r v i c e  Module (CSM) i n e r t  weight  b e c a u s e  a d d i t i o n a l s e r v i c e  
P r o p u l s i o n  S y s t e m  (SPS) f u e l  would b e  needed  t o  s u p p l y  t h e  AV's  
f o r  t h e  v a r i o u s  SPS b u r n s .  I n  f a c t ,  i f  one pound i s  added t o  
t h e  CSM i n e r t  w e i g h t ,  v e r y  c l o s e  t o  one a d d i t i o n a l  pound o f  SPS 
f u e l  must b e  added i n  o r d e r  t o  p r o v i d e  t h e  r e q u i r e d  AV. Thus ,  
o n l y  a b o u t  450 pounds c o u l d  b e  added t o  t h e  CSM i n e r t  we igh t  i f  
t h e  90' az imuth  were used .  The q u e s t i o n  t h a t  r ema ins  i s  w h e t h e r  
t h e  SPS f u e l  t a n k s  a re  l a r g e  enough t o  h o l d  t h e  a d d i t i o n a l  450 
pounds o f  p r o p e l l a n t .  

The q u a n t i t y  of SPS F u e l  r e q u i r e d  t o  c a r r y  o u t  a n  
o p e r a t i o n a l  "maximum SPS-fuel" m i s s i o n  was c a l c u l a t e d  t o  d e t e r -  
mine i f  c e r t a i n  m i s s i o n s  would b e  l i m i t e d  due t o  i n s u f f i c i e n t  
SPS p r o p e l l a n t  t a n k  c a p a c i t y  ( t h e  " t a n k - l i m i t e d "  c a s e ) .  The 
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f o l l o w i n g  p r o c e d u r e  was used  t o  c a l c u l a t e  c u r v e s  o f  SPS f u e l  
r e q u i r e d  v e r s u s  t h e  i n j e c t e d  s p a c e c r a f t  w e i g h t :  

1. 

2 .  

3. 

4 .  

5.  

6 .  

7 .  

8 .  

Assume a c e r t a i n  p o s t - t r a n s l u n a r  i n j e c t i o n  
w e i g h t  ( i n j e c t e d  w e i g h t ) .  

S u b t r a c t  3809 pounds f o r  t h e  S p a c e c r a f t -  
Lunar  Module Adapter  (SLA) p a n e l s  and 381 
pounds o f  t r a n s l u n a r  consumables .  

Ca r ry  o u t  SPS burns  c o r r e s p o n d i n g  t o  1 3 0  
f t / s e c .  f o r  d i s p e r s i o n s  and  c o n t i n g e n c i e s  
and a 3 2 4 5  f t / s e c .  l u n a r  o r b i t  i n s e r t i o n  ( L O I ) . *  

S u b t r a c t  t h e  32 ,650  pound Lunar  Module ( L M ) ,  
589 pounds f o r  two a s t r o n a u t s  and 639 pounds 
o f  l u n a r  o r b i t  consumables .  

Per form SPS b u r n s  c o r r e s p o n d i n g  t o  797 
f t / s e c .  f o r  c o n t i n g e n c i e s  and i n f l i g h t  
f l e x i b i l i t i e s  and 4 f t / s e c .  f o r  t h e  C S M  
p l a n e  change.  * 
Add 689 pounds f o r  t h e  two a s t r o n a u t s  and 
l u n a r  r e t u r n e d  s a m p l e s .  

Per form a 2734 f t / s e c .  SPS b u r n  f o r  T E I *  and 
a 240 f t / s e c .  burn  f o r  d i s p e r s i o n s  and con- 
t i n g e n c i e s .  

Add a l l  o f  t h e  f u e l  w e i g h t s  used  for t h e  SPS 
b u r n s  t o  d e t e r m i n e  t h e  t o t a l  SPS p r o p e l l a n t  
r e q u i r e d  f o r  t h i s  "maximum f u e l "  o p e r a t i o n a l  
m i s s i o n .  

* 
A s c a n  was made o f  m i s s i o n s  t o  c a n d i d a t e  l a n d i n g  s i t e s  

d u r i n g  1969.  Three  l aunch  d a t e s  p e r  month were chosen  on t h e  
bas i s  o f  a l l  A t l a n t i c  or a l l  P a c i f i c  i n j e c t i o n s ,  a t  l e a s t  a 
two day r e c y c l e  t i m e ,  good l u n a r  l i g h t i n g ,  and maximum f u e l  
r e s e r v e s .  The 3245 f t / s e c .  L O 1  v a l u e ,  4 f t / s e c .  CSM p l a n e  
change  v a l u e ,  and t h e  2 7 3 4  f t / s e c .  t r a n s e a r t h  i n j e c t i o n  (TEI)  
v a l u e  were found t o  be t h e  combina t ion  r e q u i r i n g  t h e  maximum 
SPS f u e l  f o r  m i s s i o n s  t o  t h e s e  " c h o i c e "  s i t e s ,  assuming a 
f l i g h t  p l a n  as d e s c r i b e d  i n  Refe rence  1. 
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F i g u r e  2 i s  a p l o t  o f  t h e  SPS f u e l  r e q u i r e d  f o r  s u c h  
a m i s s i o n  as a f u n c t i o n  of t h e  i n j e c t e d  w e i g h t .  If t h e  m i s s i o n  
dependen t  A V ' s  a re  t o  be  changed whi le  t h e  i n j e c t e d  w e i g h t  i s  
h e l d  c o n s t a n t ,  each  a d d i t i o n a l  f t / s e c .  o f  LO1 b u r n  u s e s  a b o u t  
4 .7  pounds of t h e  SPS f u e l  r e s e r v e s  and e a c h  a d d i t i o n a l  f t / s e c .  
of T E I  b u r n  u s e s  abou t  2 . 8  pounds o f  t h e  SPS f u e l  r e s e r v e s .  

I f  t h e  u s a b l e  c a p a c i t y  o f  t h e  SPS t a n k s  i s  a b o u t  
39,700 pounds,  t h e n  a c c o r d i n g  t o  F i g u r e  2 ,  t h e  i n j e c t e d  w e i g h t  
c a n  be  as h i g h  as 1 0 3 , 0 0 0  pounds w i t h o u t  compromising t h e  
assumed CSM AV b u d g e t .  Under t h e  a s sumpt ions  made h e r e ,  i t  
i s  c l e a r  t h a t  t h e  added 900 pounds o f  l a u n c h  v e h i c l e  per formance  
c a p a b i l i t y  c o u l d  be g a i n f u l l y  used  s i n c e  t h e  c u r r e n t l y  r e p o r t e d  
pe r fo rmance  ( R e f e r e n c e  2 )  i s  below lO3,OOO pounds.  

I n  o t h e r  words,  t h e  s p a c e c r a f t  does  n o t  r e a c h  a " t a n k  
l i m i t e d "  c o n d i t i o n ,  i f  c h o i c e  l u n a r  l a n d i n g  s i t e s  are  u s e d ,  u n t i l  
t h e  i n j e c t e d  weight  r e a c h e s  about  lO3,OOO l b s .  The u s e  of a 90' 
l a u n c h  az imuth  would a l l o w  a n  i n e r t  we igh t  i n c r e a s e  o f  450 pounds 
or a n  SPS p r o p e l l a n t  margin  o f  900 pounds.  

111. LAUNCH WINDOW D U R A T I O N  

It i s  f a i r l y  e a s y  t o  show t h a t  t h e  d u r a t i o n  of t h e  
l a u n c h  window a s s o c i a t e d  w i t h  a g i v e n  l a u n c h  a z i m u t h  s e c t o r  
c e n t e r e d  a b o u t  90' i s  v i r t u a l l y  independen t  o f  l u n a r  d e c l i n a -  
t i o n .  The d u r a t i o n  of  l aunch  windows a s s o c i a t e d  w i t h  az imuth  
s e c t o r s  c e n t e r e d  on 90' i s  p r e s e n t e d  i n  F i g u r e  3 ."  

The l a u n c h  window s i t u a t i o n  becomes c o n s i d e r a b l y  more 
c o m p l i c a t e d  when t h e  az imuth  s e c t o r  i s  n o t  c e n t e r e d  on 90° ( t h e  
m o t i v a t i o n  f o r  n o t  c e n t e r i n g  t h e  az imuth  s e c t o r  on 90' w i l l  
become more a p p a r e n t  i n  t h e  nex t  s e c t i o n )  because  t h e  l a u n c h  
window d u r a t i o n  becomes q u i t e  dependen t  on l u n a r  d e c l i n a t i o n .  

F i g u r e  4 p r e s e n t s  t h e  i n f o r m a t i o n  r e q u i r e d  t o  d e t e r -  
mine t h e  l e n g t h  o f  t h e  l aunch  window when t h e  l a u n c h  az imuth  
l i m i t s  f a l l  anywhere between 60" and 120'. A s  an  example,  u s i n g  
F i g u r e  4 ,  i t  i s  e a s y  t o  s e e  t h a t  i f  t h e  az imuth  s e c t o r  from 90" 
t o  100' i s  used  and a P a c i f i c  i n j e c t i o n  i s  t o  b e  employed, t h e  
l a u n c h  window w i l l  l a s t  abou t  1 . 9  h o u r s  i f  t h e  l u n a r  d e c l i n a t i o n  
i s  - 2 7 O ,  b u t  i t  w i l l  l a s t  only  a b o u t  0 . 8  h o u r s  i f  t h e  d e c l i n a t i o n  
i s  + 2 7 O .  Thus,  pre-knowledge o f  t h e  l u n a r  d e c l i n a t i o n  (known 

* 
The d u r a t i o n  o f  t h e  l aunch  window d e c r e a s e s  s l i g h t l y  i f '  

t h e  magn i tude  o f  t h e  d e c l i n a t i o n  of t h e  moon i s  grea te r  t h a n  t h e  
g e o c e n t r i c  l a u n c h  s i t e  l a t i t u d e  of 28.45'. Such d e c l i n a t i o n s  
o c c u r  b r i e f 1  d u r i n g  many o f  t h e  months from March 1 9 6 8  t o  
March 1970(3 Y . 
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when t h e  l a u n c h  da t e  i s  s p e c i f i e d )  c a n  h e l p  d e t e r m i n e  t h e  
l a u n c h  a z i m u t h  l i m i t s  t o  b e  u sed  on a g i v e n  d a y .  

I V .  ABORT RECOVERY FORCES 

Launch A b o r t s  

C u r r e n t  p l a n n i n g  f o r  l u n a r  m i s s i o n s  i n d i c a t e s  a need  
f o r  3 or 4 s h i p s  and 3 a i r c r a f t  t o  p r o v i d e  a d e q u a t e  a i r b o r n e  
p a r a r e s c u e  a c c e s s  and s h i p  r e t r i e v a l  c a p a b i l i t i e s  i n  t h e  A t l a n t i c  
Ocean i n  t h e  e v e n t  o f  a n  a b o r t  d u r i n g  t h e  l a u n c h  p h a s e  ( b e f o r e  
t h e  o r b i t a l  i n s e r t i o n  c a p a b i l i t y  e x i s t s ) .  The t h r e e  a i r c r a f t  
are s p a c e d  a l o n g  t h e  g round  t r a c k  o f  t h e  l a u n c h  v e h i c l e ,  t h e i r  
s p a c i n g  d i c t a t e d  by  t h e i r  a b i l i t y  t o  f l y  t o  any p o i n t  a l o n g  
t h e  g round  t r a c k .  Dur ing  t h e  l a u n c h  window t h e  a i r c r a f t  f l y  
e s s e n t i a l l y  s o u t h w a r d  t o  f o l l o w  t h e i r  a s s i g n e d  p o i n t  on t h e  
g r o u n d  t r a c k  as t h e  l a u n c h  az imuth  v a r i e s .  S i n c e  t h e  r e c o v e r y  
a i r c r a f t  g e n e r a l l y  c a n  f o l l o w  t h e  m o t i o n  o f  t h e  g round  t r a c k  
as t h e  a z i m u t h  c h a n g e s ,  t h e  major  f a c t o r  d e t e r m i n i n g  t h e  number 
o f  r e c o v e r y  a i r c r a f t  i s  t h e i r  a b i l i t y  t o  f l y  p a r a l l e l  t o  t h e  
g r o u n d  t r a c k .  Thus ,  t h e  number o f  r e c o v e r y  a i r c r a f t  i s  i n d e -  
p e n d e n t  o f  t h e  r e d u c t i o n  i n  t h e  l a u n c h  window d u r a t i o n .  

The  s i t u a t i o n  c o n c e r n i n g  t h e  r e c o v e r y  s h i p s  i s  more 
c o m p l i c a t e d  b e c a u s e  o f  t h e i r  l o w e r  s p e e d .  
l a u n c h  window t o  e s s e n t i a l l y  z e r o ,  t h e  p o s s i b i l i t y  of h a v i n g  
t o  t r a v e l  o v e r  500  n .mi .  p e r p e n d i c u l a r  t o  t h e  g round  t r a c k  would 
b e  e l i m i n a t e d  s i n c e  t h e  ground t r a c k  would b e  known once  t h e  
l a u n c h  a z i m u t h  was d e t e r m i n e d .  I f  4 s h i p s  were t o  be  u s e d  t o  
c o v e r  a 26O a z i m u t h  s e c t o r  between t h e  72' and  108O l a u n c h  a z i m u t h  
l i m i t s ,  3 s h i p s  c o u l d  p r o v i d e  e s s e n t i a l l y  e q u i v a l e n t  r e t r i e v a l  
c a p a b i l i t y  if t h e  f f launch-on- t ime"  c o n c e p t  were u s e d .  I f  3 
s h i p s  were t o  be  u s e d  w i t h  t h e  26' s e c t o r ,  2 s h i p s  c o u l d  not 
p r o v i d e  e q u i v a l e n t  c o v e r a g e  i f  " launch-on- t ime"  were u s e d .  

By r e d u c i n g  t h e  

E a r t h  P a r k i n g  O r b i t  Abor ts  

When a f i n i t e  l aunch  window i s  employed,  3 s h i p s  
a n d  3 a i r c r a f t  a re  u s e d  t o  p r o v i d e  ear th  p a r k i n g  o r b i t  a b o r t  
r e c o v e r y  c a p a b i l i t y . *  A s h i p  and an  a i r c r a f t  a re  l o c a t e d  a t  t h e  
p o i n t  i n  t h e  P a c i f i c  Ocean where a l l  p o s s i b l e  g round  t r a c k s  
f o r  t h a t  o r b i t  meet. Thus t h e  l o n g i t u d e s  and  l a t i t u d e s  o f  t h e  
s h i p s  and  a i r c r a f t  a r e  r i g i d l y  c o n s t r a i n e d  i n  t h i s  c a s e  t o  t h r e e  
d i s t i n c t  p o i n t s ,  one for each  o f  t h e  t h r e e  p o s s i b l e  e a r t h  o r b i t s .  

I f  t h e  " launch-on- t ime"  c o n c e p t  were u s e d ,  t h e  l o n g -  
i t u d e  c o n s t r a i n t  would no  l o n g e r  e x i s t  and t h e  a b o r t  r e c o v e r y  
areas c o u l d  b e  moved e a s t  or west a l o n g  t h e  g round  t r a c k s .  
Moving two of t h e  areas  t o  t h e  i n t e r s e c t i o n  o f  t h e  two c o r r e s -  
p o n d i n g  p a r k i n g  o r b i t s  e l i m i n a t e s  t h e  need  f o r  one s h i p  a n d  
one a i r c r a f t  s i n c e  t h e  two r e c o v e r y  areas  would merge i n t o  

* 
The c u r r e n t  p l a n  a c c o r d i n g  t o  H .  E .  G r a n g e r ,  Landing  

Recovery  D i v i s i o n  a t  MSC. 

one .  

& 
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Thus ,  i n  terms o f  t h e  e n t i r e  a b o r t  r e c o v e r y  f l e e t ,  
t h e r e  i s  p o t e n t i a l l y  a s a v i n g  o f  two s h i p s  and  one  a i r c r a f t  
if t h e  " launch-on- t ime"  concep t  i s  u s e d .  

V. COMMUNICATIONS AND T R A C K I N G  COVERAGE 

Al though t h e  p r e s e n t  communica t ions  and  t r a c k i n g  
s y s t e m  was s e t - u p  t o  p r o v i d e  a d e q u a t e  c o v e r a g e  f o r  any m i s s i o n  
i n i t i a t e d  w i t h  a l a u n c h  az imuth  w i t h i n  a 260 s e c t o r  be tween 
7 2 O  and  108O, t h e r e  a re  n a t u r a l l y  c e r t a i n  l a u n c h  a z i m u t h s  
which p r o v i d e  b e t t e r  cove rage  t h a n  o t h e r s .  I n  a d d i t i o n ,  t h e  
s i z e  o f  t h e  areas which must b e  c o v e r e d  by t r a c k i n g  s h i p s  and  
a i r c r a f t  i s  r e d u c e d  when t h e  l a u n c h  window i s  s h o r t e n e d .  

E a r t h  P a r k i n g  O r b i t  (EPO) I n s e r t i o n  Coverage  

Con t inuous  t r a c k i n g ,  t e l e m e t r y ,  command and  v o i c e  
communica t ions  from l i f t o f f  t h r o u g h  t h r e e  m i n u t e s  beyond i n s e r -  - 

t i o n  i s  c u r r e n t l y  s p e c i f i e d  as  n e c e s s a r y  (') t o  backup and  
v e r i f y  t he  onboard  c a l c u l a t i o n s  o f  t h e  n a v i g a t i o n  s t a t e  v e c t o r .  
The c h o i c e  o f  p r e f e r r e d  l a u n c h  a z i m u t h s  i n  terms o f  l a u n c h  and  
i n s e r t i o n  c o v e r a g e  i s  c o m p l i c a t e d  b y  t h e  f a c t  t h a t  t h e  a r e a s  
c o v e r e d  by  l a n d  s t a t i o n s  i n  t h i s  r e g i o n  a re  n o t  y e t  f u l l y  de- 
f i n e d  due  t o  u n c e r t a i n t i e s  i n  m u l t i p a t h  d i s t o r t i o n  e f f e c t s  a t  
low e l e v a t i o n  a n g l e s  and  t h e  e f f e c t s  o f  l o c a l  t e r r a i n  and  t h e  
a n t e n n a  g i m b a l  s t o p s  on t h e  e x t e n t  o f  c o v e r a g e .  A s i m p l i f i e d  
c o v e r a g e  model can  b e  u s e d  t o  g i v e  a c o n s e r v a t i v e  v iew o f  t h e  
c o n t a c t  a v a i l a b l e  d u r i n g  t h e  l a u n c h  and i n s e r t i o n  p h a s e s  o f  
t h e  m i s s i o n .  

By assuming t h a t  no c o n t a c t  i s  o b t a i n a b l e  f o r  a n t e n n a  
e l e v a t i o n  a q g l e s  be low 5 O ,  t h e  c o v e r a g e  c i r c l e s  i n  F i g u r e  5 
c a n  be  c o n s t r u c t e d .  The n o t c h e s  or k e y h o l e s  i n  t h e  c i r c l e s  
a re  c a u s e d  by  p r e l i m i t s  which p r e v e n t  t h e  a n t e n n a  from p o i n t i n g  
i n t o  c o n i c a l  r e g i o n s  (15' h a l f  a n g l e s  assumed)  n o r t h  and  s o u t h  
f rom t h e  s t a t i o n s .  F i g u r e  5 shows t h a t ,  a c c o r d i n g  t o  t h e  
c o v e r a g e  model c h o s e n ,  t h e  s o u t h e r n  Bermuda k e y h o l e  and  t h e  
n o r t h e r n  A n t i g u a  k e y h o l e  o v e r l a p  y i e l d i n g  a r e g i o n  f o r  which 
no  c o v e r a g e  i s  a v a i l a b l e .  T r a j e c t o r i e s  i n i t i a t e d  w i t h  l a u n c h  
a z i m u t h s  be tween a b o u t  90" and 104' would have  a s h o r t  p e r i o d  
o f  t i m e  d u r i n g  t h e  l a u n c h  phase  d u r i n g  which c o n t a c t  would b e  
l o s t .  

S e v e r a l  f a c t o r s  l e a d  t o  t h e  c o n c l u s i o n  t h a t  t h e  key-  
h o l e  problem w i l l  n o t  be  as s e v e r e  as i n d i c a t e d  by t h e  above  

i n d i c a t e s  t h a t  b o t h  o f  t h e  Bermuda k e y h o l e s  w i l l  have  a h a l f  
a n a l y s i s .  F i r s t ,  da t a  from t h e  Manned S p a c e c r a f t  C e n t e r  ( 5 )  
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a n g l e  of  6 . 5 ' r a t h e r  t h a n  15". I n  a d d i t i o n ,  t h e  minimum e l e v a -  
t i o n  a n g l e  ( d e t e r m i n e d  by m u l t i p a t h  d i s t o r t i o n )  f o r  t r a c k i n g  
by t h e  Bermuda s t a t i o n  may r e a l i s t i c a l l y  t u r n  o u t  t o  b e  a b o u t  
3" r a t h e r  t h a n  5' as assumed i n  F i g u r e  5 .  (The  minimum e l e v a -  
t i o n  a n g l e  f o r  t h e  A n t i g u a  s t a t i o n  i s  a f u n c t i o n  o f  l o c a l  t e r r a i n  
i n  a d d i t i o n  t o  m u l t i p a t h  d i s t o r t i o n  b u t  i n  no  c a s e  s h o u l d  t h e  
minimum a n t e n n a  e l e v a t i o n  a n g l e  be more t h a n  5 O . )  If these  
p o s s i b i l i t i e s  a re  found t o  be t r u e ,  t h e  k e y h o l e  p rob lem s h o u l d  
no l o n g e r  e x i s t .  

I f  t h e  k e y h o l e  problem c o n t i n u e s  t o  e x i s t ,  t h e  c h o i c e  
o f  l a u n c h  a z i m u t h s  be tween 72" and 90" f o r  t h e  " launch-on- t ime"  
a z i m u t h  would a v o i d  t h e  problem a l t o g e t h e r .  It s h o u l d  be n o t e d  
t h a t  i f  t h e  d i s c o n t i n u i t y  can be  t o l e r a t e d  w i t h  t h e  c u r r e n t  
f i n i t e  l a u n c h  window, i t  can  be t o l e r a t e d  w i t h  t h e  i n f i n i t e s i m a l  
l a u n c h  window a s s o c i a t e d  w i t h  t h e  " launch-on- t ime"  c o n c e p t .  I n  
t h i s  s e n s e ,  t h e r e  a re  no  p r e f e r r e d  l a u n c h  a z i m u t h s  i n  terms 
o f  communica t ions  and  t r a c k i n g  d u r i n g  t h e  powered p h a s e  of t h e  
l a u n c h .  

A p r i m a r y  f u n c t i o n  o f  t h e  t h r e e  m i n u t e s  o f  p o s t -  
i n s e r t i o n  t r a c k i n g  i s  t o  v e r i f y  a sa fe  p e r i g e e  a l t i t u d e  f o r  
t h e  e a r t h  p a r k i n g  o r b i t .  Due t o  t h e  l o c a t i o n s  o f  t h e  
Bermuda and  An t igua  s t a t i o n s ,  i t  i s  n e c e s s a r y  t o  employ 
an  i n s e r t i o n  t r a c k i n g  s h i p  i n  t h e  A t l a n t i c  Ocean t o  p r o v i d e  
much of t h e  t h r e e  m i n u t e s  o f  p o s t - i n s e r t i o n  t r a c k i n g  c o v e r a g e .  
F i g u r e  5 i n d i c a t e s  t h a t  t h e  An t igua  s t a t i o n  p r o v i d e s  some 
p o s t - i n s e r t i o n  t r a c k i n g  f o r  c e r t a i n  l a u n c h  a z i m u t h s  g r e a t e r  
t h a n  90'. The a c t u a l  p o s t - i n s e r t i o n  cc ln tac t  t i m e ( 6 )  ( a b o v e  
5" a n d  above  2' e l e v a t i o n )  i s  shown i n  F i g u r e  6 . *  More t h a n  
one m i n u t e  o f  c o n t a c t  t i m e  above 5' e l e v a t i o n  i s  o b t a i n a b l e  
f rom t h e  A n t i g u a  s t a t i o n  f o r  l a u n c h  a z i m u t h s  from 96" t o  108'. 
S i n c e  t h e  A n t i g u a  s t a t i o n  could  a c q u i r e  t h e  s p a c e c r a f t  w e l l  
b e f o r e  i n s e r t i o n  c u t o f f ,  there  i s  no need  t o  a l l o w  a c q u i s i t i o n  
t i m e  f o r  t h e  p o s t - i n s e r t i o n  c o v e r a g e .  

Work done by  Kaufman ( 7 )  a t  t h e  Goddard S p a c e  F l i g h t  
C e n t e r  i n d i c a t e s  t h a t  one minu te  o f  p o s t - i n s e r t i o n  s h i p  t r a c k i n g  
would  g i v e  p e r i g e e  u n c e r t a i n t i e s  ( l a )  o f  o n l y  a b o u t  1 . 7  n .mi .  
Kaufman p o i n t s  o u t  t h a t  t h e  1 . 7  n .mi .  f i g u r e  i s  n o t  t h e  " w o r s t "  
c a s e  u n c e r t a i n t y  ( d u e  t o  dependence on t h e  t r u e  anomaly a t  
i n s e r t i o n )  and  t h a t  p e r i g e e  e r r o r s  a re  n o t  G a u s s i a n  f o r  n e a r  
c i r c u l a r  o r b i t s .  Thus,  i t  i s  n o t  s t r i c t l y  v a l i d  t o  s a y  t h a t ,  

8 
I n  t h i s  c a s e  a 4" o r  5' minimum a n t e n n a  e l e v a t i o n  a n g l e  

i s  r e a s o n a b l e  s i n c e  l o c a l  o b s t a c l e s  p r e v e n t  l i n e - o f - s i g h t  
c o n t a c t  below t h i s  v a l u e  i n  c e r t a i n  d i r e c t i o n s  a r o u n d  t h e  
A n t i g u a  s t a t i o n .  
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w i t h  9 9 . 7 %  c e r t a i n t y  (30 G a u s s i a n ) ,  t h e  p e r i g e e  can  be  p r e -  
d i c t e d  w i t h i n  5 . 1  n . m i . ,  b u t  marked d e v i a t i o n s  from t h i s  v a l u e  
are n o t  a n t i c i p a t e d .  Thus,  i t  seems q u i t e  p o s s i b l e  t h a t  e a r l y  
t e s t  m i s s i o n s  w i l l  show t h a t  one minu te  o f  p o s t - i n s e r t i o n  
t r a c k i n g  w i l l  s u f f i c e ,  e s p e c i a l l y  i f  i t  i s  from a l a n d  s t a t i o n  
( s i n c e  l a n d  s t a t i o n s  are  f e l t  t o  g i v e  more a c c u r a t e  da t a ) .  

I t  t h e r e f o r e  seems l i k e l y  t h a t  t h e  i n s e r t i o n  t r a c k i n g  
s h i p  c o u l d  b e  e l i m i n a t e d  comple t e ly  i f  ( a )  a p p r o x i m a t e l y  one 
m i n u t e  of p o s t - i n s e r t i o n  t r a c k i n g  p r o v e s  t o  b e  s u f f i c i e n t  t o  
a s s u r e  s a fe  p e r i g e e  and ( b )  a l a u n c h  az imuth  between 9 6 O  and 
108" i s  employed. 

I f  i t  i s  d e c i d e d  t o  r e t a i n  t h e  i n s e r t i o n  t r a c k i n g  
s h i p ,  a t  l ea s t  a 26" az imuth  r ange  can  b e  p r o v i d e d  w i t h  a 
minimum o f  3 m i n u t e s  of p o s t - i n s e r t i o n  c o v e r a g e .  

E a r t h  P a r k i n g  O r b i t  Coverage 

The r e q u i r e m e n t s  ( 4 ,  f o r  communicat ions and t r a c k i n g  
c o v e r a g e  i n  e a r t h  p a r k i n g  o r b i t  a re :  

( a )  a t  l e a s t  two 4-minute t r a c k i n g ,  t e l e m e t r y ,  command 
and v o i c e  c o n t a c t s ,  a t  g r e a t e r  t h a n  5" e l e v a t i o n ,  
for e a c h  r e v o l u t i o n  p r i o r  t o  t r a n s l u n a r  i n j e c t i o n  
( T L I ) .  

( b )  a t  l ea s t  one 4-minute t e l e m e t r y ,  command and v o i c e  
c o n t a c t ,  a t  g r e a t e r  t h a n  5" e l e v a t i o n ,  between 90 
and 30 m i n u t e s  b e f o r e  T L I  i g n i t i o n .  

I f  o n l y  U n i f i e d  S-Band l a n d  s t a t i o n s  are  u t i l i z e d  t o  
s a t i s f y  t h e s e  r e q u i r e m e n t s ,  c e r t a i n  s l i g h t  d e f i c i e n c i e s  o c c u r  
f o r  l a u n c h  az imuths  between 72" and 77" and between 101' and 
1 0 8 " .  None o f  these  d e f i c i e n c i e s  c o u l d  be c o n s i d e r e d  s e v e r e  
i n  t h a t  t h e  r e q u i r e m e n t s  would be s a t i s f i e e  f o r  t h e  72' t o  
77" az imuth  r a n g e  i f  t h e  4-minute l i m i t  were changed t o  3 m i n u t e s .  
The d e f i c i e n c y  between 101" and 108" o c c u r s  because  t h e r e  a re  
no  4-minute t r a c k i n g  p a s s e s  a f t e r  t h e  U n i t e d  S t a t e s  i s  p a s s e d  
a t  t h e  b e g i n n i n g  of  t h e  t h i r d  o r b i t .  However, t h e  Hawaii 
s t a t i o n  does  p r o v i d e  a t  l e a s t  2 m i n u t e s  o f  t r a c k i n g  on t h e  
t h i r d  p a r k i n g  o r b i t .  

The i n c l u s i o n  of a t r a c k i n g  s h i p  i n  t h e  I n d i a n  Ocean, 
a t  25"s l a t i t u d e  and 50°E l o n g i t u d e * ,  h e l p s  a l l e v i a t e  some of 
t h e  above d e f i c i e n c i e s .  F i g u r e  7 i n d i c a t e s  t h e  r e g i o n s  where 

* 
The g e n e r a l  l o c a t i o n  of t h i s  s h i p  i s  d i c t a t e d  by t h e  need  

f o r  post-TLI cove rage  ( a s  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n )  b u t  t h e  
s p e c i f i c  2 5 O S ,  50°E l o c a t i o n  was chosen  t o  maximize EPO c o v e r a g e .  
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EPO t r a c k i n g  cove rage  comple t e ly  meets s p e c i f i c a t i o n s  and 
where t h e r e  are s l i g h t  v i o l a t i o n s  b o t h  w i t h  and w i t h o u t  t h e  
t r a c k i n g  s h i p .  

I f  t h e  l aunch  window were r e d u c e d ,  t h e  l a u n c h  a z i -  
muth s e c t o r  c o u l d  b e  chosen  t o  o p t i m i z e  e a r t h  p a r k i n g  o r b i t  
c o v e r a g e  b u t  f o r  no l a u n c h  az imuth  between 72' and 108' cou ld  
t h e  cove rage  b e  termed g r e a t l y  d e f i c i e n t .  

Apollo/Range I n s t r u m e n t a t i o n  A i r c r a f t  ( A / R I A )  

T h e  A / R I A  are used  t o  m o n i t o r  t h e  t ime p e r i o d  from 
s h o r t l y  b e f o r e  t h e  t r a n s l u n a r  i n j e c t i o n  ( T L I )  b u r n  i g n i t i o n  
u n t i l  s h o r t l y  a f t e r  T L I  b u r n  c u t o f f . *  The  ground t r a c k  o f  
t h e  v e h i c l e  d u r i n g  t h i s  t i m e  p e r i o d  e s s e n t i a l l y  f o l l o w s  t h e  
e a r t h  p a r k i n g  o r b i t  ground t r a c k  a l t h o u g h  a l t i t u d e  i s  g a i n e d  
d u r i n g  and a f t e r  t h e  bu rn .  

The ma jo r  f a c t o r  which d e t e r m i n e s  t h e  g e o g r a p h i c a l  
l o c a t i o n  of t h e  T L I  b u r n  ground t r a c k  on a g i v e n  day i s  t h e  
l u n a r  d e c l i n a t i o n .  On a g i v e n  day t h e  l o c a t i o n  o f  t h e  i n j e c -  
t i o n  b u r n  i s  e s s e n t i a l l y  f i x e d  i n  i n e r t i a l  s p a c e  s o  t h a t  t h e  
g e o g r a p h i c a l  l o c a t i o n  mere ly  moves west a t  between 750 and 900 
k n o t s  due t o  t h e  r o t a t i o n  o f  t h e  e a r t h .  T h i s  movement o f  t h e  
T L I  b u r n  ground t r a c k  o c c u r s  w h e t h e r  t h e  d e l a y  i s  due t o  t ime  
p a s s a g e  d u r i n g  t h e  l aunch  window (up  t o  4 -1 /2  h o u r s  or up t o  
4050 n . m i . )  or due t o  t h e  s e l e c t i o n  o f  t h e  t h i r d  o r b i t  i n j e c -  
t i o n  r a t h e r  t h a n  t h e  second ( 1 - 1 / 2  hour s  or up t o  1350 n . m i . ) .  

It  i s  c l e a r  t h a t  u t i l i z a t i o n  o f  t h e  " launch-on-t ime" 
c o n c e p t ,  which e s s e n t i a l l y  r educes  t h e  l a u n c h  window t o  a ve ry  
s h o r t  d u r a t i o n ,  would g r e a t l y  r educe  t h e  g e o g r a p h i c a l  a rea  t o  
be cove red  by t h e  A / R I A .  

Much p l a n n i n g  has been done based  on t h e  u s e  o f  
two A / R I A  t o  c o v e r  a g i v e n  TLI b u r n ,  w i t h  a t o t a l  o f  s i x  a i r -  
c r a f t  r e q u i r e d  t o  c o v e r  any p o s s i b l e  burn  on a g i v e n  d a y .  I f  
t h e  " launch-on-t ime" concep t  i s  u s e d ,  t h r e e  a i r c r a f t  c o u l d  
form a l i n e  abou t  4 2 5  n .mi .  west of t h e  s econd  r e v o l u t i o n  
g round  t r a c k  ( a b o u t  250  n.mi.  p e r p e n d i c u l a r  d i s t a n c e )  t o  c o v e r  
t h a t  p o s s i b l e  b u r n .  If t h e  second r e v o l u t i o n  b u r n  were 
s c r u b b e d ,  t h e  A / R I A  c o u l d  fly west a b o u t  500  n .mi .  ( 4 0 0  k n o t s ,  
1 - 1 / 4  h o u r s )  t o  a l i n e  a b o u t  4 2 5  n .mi .  e a s t  o f  t h e  t h i r d  r e v o l u t i o n  
b u r n  ground t r a c k  and c o v e r  t h a t  b u r n .  

* 
The c u r r e n t  s p e c i f i c a t i o n  i s  f o r  cove rage  from one minu te  

b e f o r e  T L I  i g n i t i o n  u n t i l  t h r e e  minu tes  a f t e r  T L I  b u r n  comple- 
t i o n .  
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The u t i l i z a t i o n  o f t h i s  scheme c o u l d  r e d u c e  t h e  re -  
q u i r e d  number of A / R I A  from 8 ( 6  o p e r a t i o n a l ,  2 s p a r e s )  t o  4 
( 3  o p e r a t i o n a l ,  1 s p a r e )  b u t  i t s  u s e  depends  h e a v i l y  on two 
f a c t o r s :  

( a )  v e r i f i c a t i o n  o f  t h e  p e r f o r m a n c e  o f  t h e  A / R I A  
communica t ions  sys t em t o  c o n f i r m  t h a t  t h e  
c o v e r a g e  f rom t h e  assumed d i s t a n c e s  and e l e v a -  
t i o n s  would b e  s a t i s f a c t o r y  ( t h e  maximum s l a n t  
r a n g e  assumed was 750 n.mi .  and  t h e  minimum 
e l e v a t i o n  a n g l e  was 5'). 

( b )  v e r i f i c a t i o n  t h a t  t h e  t h r e e  a i r c r a f t  have  
s u f f i c i e n t  r a n g e  and endurance  t o  r ema in  "on- 
s t a t i o n ' '  f o r  up t o  t h e  maximum of  a b o u t  two 
h o u r s  f o r  any p o s s i b l e  T L I  b u r n  l o c a t i o n  t h r o u g h  
t h e  month ( a  complex l o g i s t i c s  p r o b l e m ) .  

An a l t e r n a t e  scheme r e q u i r i n g  an  a d d i t i o n a l  
A / R I A  (4 o p e r a t i o n a l ,  1 s p a r e )  would be  t o  a s s i g n  2 a i r c r a f t  t o  
e a c h  of t h e  two p o s s i b l e  T L I  b u r n s .  I n  t h i s  c a s e  a v e r y  s h o r t  
" o n - s t a t i o n "  c a p a b i l i t y  would be  r e q u i r e d .  I n  e i t h e r  c a s e ,  i f  
t h e  " o n - s t a t i o n "  c a p a b i l i t y  exceeded  t h e  r e q u i r e m e n t  t h i s  e x c e s s  
c a p a b i l i t y  c o u l d  be  u s e d  t o  p r o v i d e  T L I  c o v e r a g e  for a f i n i t e  
l a u n c h  window. 

Al though d e f i n i t i v e  answers  a r e  n o t  p o s s i b l e  due  t o  
t h e  n e e d  f o r  f u r t h e r  t e s t  data ,  t h e  p o t e n t i a l  does  e x i s t  for 
r e d u c i n g  t h e  number o f  A / R I A  r e q u i r e d  t o  c o v e r  t h e  T L I  maneuver  
f rom 8 t o  as few as 4 i f  t h e  l a u n c h  window i s  d r a s t i c a l l y  r e d u c e d .  

T r a n s l u n a r  I n j e c t i o n  ( T L I )  Coverage 

T h e r e  i s  c u r r e n t l y  a r e q u i r e m e n t  for c o n t i n u o u s  

(4) t r a c k i n g ,  t e l e m e t r y ,  and v o i c e  c o v e r a g e  ( a b o v e  5' e l e v a t i o n )  
f o r  a t  l e a s t  1 0  o u t  o f  t h e  f i r s t  20 m i n u t e s  a f t e r  T L I  c u t o f f  . 
T h e  c o v e r a g e  c i r c l e s  f o r  t h e  1 4  U n i f i e d  S-Band t r a c k i n g  s t a t i o n s  
c o r r e s p o n d i n g  t o  TLI-cutof f  p l u s  1 0  m i n u t e s  (8'9) show t h a t  a l l  
g r o u n d  t r a c k s  r e c e i v e  cove rage  a t  t h a t  t i m e  e x c e p t  for a n  a rea  
i n  t h e  w e s t e r n  I n d i a n  Ocean and t h e  e a s t e r n  c o a s t  o f  s o u t h e r n  
Af r i ca .*  I f  all o f  t h e  ground t r a c k s  were c o v e r e d  a t  T L I  t 1 0  
m i n u t e s ,  c o v e r a g e  would b e  a s s u r e d  a t  l e a s t  u n t i l  T L I  t 20 
m i n u t e s  b e c a u s e  t h e  c o v e r a g e  c i r c l e s  expand r a p i d l y  as a l t i t u d e  
i s  g a i n e d .  The "uncovered"  a r e a  can  b e  c o v e r e d  by  a s i n g l e  
i n j e c t i o n  t r a c k i n g  s h i p  i n  t h e  I n d i a n  Ocean w i t h  a l a t i t u d e  of 
a b o u t  25's and a l o n g i t u d e  somewhere be tween 40° and 55OE (50°E 
l o n g i t u d e  h e l p s  o p t i m i z e  EPO c o v e r a g e ) .  T h i s  s i n g l e  i n j e c t i o n  
s h i p  i s  r e q u i r e d  o n l y  for A t l a n t i c  i n j e c t i o n s  b u t  i t  i s  needed  
for a l l  l a u n c h  a z i m u t h s  on c e r t a i n  d a y s  of t h e  month ( c e r t a i n  
l u n a r  d e c l i n a t i o n s ) .  T h e r e f o r e ,  t h e  employment o f  t h i s  s i n g l e  

* 
For t r a n s l u n a r  i n j e c t i o n  from t h e  2nd or 3 r d  p a r k i n g  o r b i t .  
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i n j e c t i o n  s h i p  i s  n o t  dependent  upon t h e  s i z e  o f  t h e  l a u n c h  
window b u t  on ly  upon t h e  l u n a r  d e c l i n a t i o n  and t h e  c h o i c e  o f  
A t l a n t i c  or P a c i f i c  i n j e c t i o n  o p p o r t u n i t i e s .  

Having d i s c u s s e d  t h e  manner i n  which a r e d u c e d  l a u n c h  
window can  be used  t o  r e d u c e  t h e  r e q u i r e d  number o f  s u p p o r t  
s h i p s  and a i r p l a n e s ,  i t  must b e  p o i n t e d  o u t  t h a t  a more impor- 
t a n t  g a i n  from a r e d u c e d  window may w e l l  be  improved c o v e r a g e  
o f  t h e  T L I  sequence  w i t h  t h e  e x i s t i n g  f l e e t  ( p a r t i c u l a r l y  f o r  
t h e  f i r s t  l u n a r  m i s s i o n s ) .  

V I .  ATTAINMENT OF GOALS 

I f  t h e  p r imary  g o a l  i n  r e d u c i n g  t h e  l a u n c h  window i s  
t o  o b t a i n  t h e  maximum launch  v e h i c l e  p a y l o a d  ( g o a l  1 i n  t h e  
I n t r o d u c t i o n )  w h i l e  s t i l l  m a i n t a i n i n g  a f i n i t e  l a u n c h  window, 
F i g u r e s  1 and 3 can  b e  combined t o  g i v e  t h e  t r a d e o f f  between 
l a u n c h  window and pay load  loss. F i g u r e  8 i s  a p l o t  o f  t h e  
p a y l o a d  loss f o r  v a r i o u s  l aunch  window d u r a t i o n s  when t h e  l a u n c h  
az imuth  l i m i t s  are symmet r i ca l  w i t h  r e s p e c t  t o  g o o . *  A 1-hour 
l a u n c h  window can  be p rov ided  and t h e  a s s o c i a t e d  pay load  loss 
would b e  on ly  abou t  50 pounds ( a  g a i n  i n  u s e f u l  l a u n c h  v e h i c l e  
p a y l o a d  of n e a r l y  900 pounds,  i . e . ,  a CSM weight  i n c r e a s e  o f  
a b o u t  450 p o u n d s ) .  

If a p r imary  g o a l  i n  r e d u c i n g  t h e  l a u n c h  window i s  a 
r e d u c t i o n  i n  t h e  number of s h i p s  and p l a n e s  r e q u i r e d  t o  s u p p o r t  
t h e  m i s s i o n ,  t h e  s i t u a t i o n  i s  more c o m p l i c a t e d .  If less  t h a n  
a b o u t  1-3/4 minu tes  o f  p o s t - i n s e r t i o n  t r a c k i n g  i s  s u f f i c i e n t ,  
i t  i s  p o s s i b l e  t o  e l i m i n a t e  t h e  i n s e r t i o n  t r a c k i n g  s h i p .  F i g u r e  
6 shows t h a t  any az imuth  g r e a t e r  t h a n  9 6 O  a l l o w s  An t igua  t o  
t r a c k  t h e  s p a c e c r a f t  f o r  a t  l e a s t  1 minu te .  I f  t h e  9 6 O  a z imuth  
were u t i l i z e d  w i t h  a z e r o  hour  l a u n c h  window (" launch-on- t ime")  
t h e  p a y l o a d  loss compared t o  90' would be  a b o u t  80  pounds .  
U t i l i z i n g  " launch-on-t ime" could  p e r m i t  t h e  e l i m i n a t i o n  o f  two 
a b o r t  r e c o v e r y  s h i p s  and one a i r c r a f t ;  i n  a d d i t i o n  4 A / R I A  c o u l d  
c o u l d  b e  e l i m i n a t e d .  

I f  a f i n i t e  l a u n c h  window were t o  b e  u s e d ,  t h e  p a y l o a d  
l o s s e s  would i n c r e a s e  r a p i d l y  w i t h  l aunch  window d u r a t i o n .  I n  
t h i s  c a s e  i t  i s  i m p o s s i b l e  t o  c o n s t r u c t  a s i n g l e  g r a p h  o f  p a y l o a d  
l o s s  v e r s u s  l a u n c h  window d u r a t i o n  because  t h e  l a u n c h  window 
v a r i e s  g r e a t l y  w i t h  l u n a r  d e c l i n a t i o n .  I t  i s  p o s s i b l e  t o  d e t e r -  
mine t h e  p r o b a b i l i t y  of a l aunch  window of  a c e r t a i n  d u r a t i o n  

* 
See  f o o t n o t e  P. 4 
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by assuming t h a t  t h e  moon's d e c l i n a t i o n  v a r i e s  s i n u s o i d a l l y .  
Such p l o t s  are p r e s e n t e d  i n  F i g u r e  9 f o r  t h e  az imuth  r a n g e s  
from 960 t o  loo", 100" t o  1 0 4 "  and l o o o  t o  108".  The maximum 
p a y l o a d  l o s s e s  f o r  these  t h r e e  c a s e s  are 230 pounds ,  460 pounds 
and 790 pounds r e s p e c t i v e l y .  (Note t h a t  t h e r e  a re  a c t u a l l y  
s h o r t  p e r i o d s  o f  t i m e  d u r i n g  1968,  1 9 6 9 ,  and 1970 d u r i n g  which 
t h e  magni tude  o f  t h e  d e c l i n a t i o n  of  t h e  moon i s  g r e a t e r  t h a n  
t h e  l aunch  pad l a t i t u d e .  On such  d a y s ,  e i t h e r  t h e  A t l a n t i c  or 
t h e  P a c i f i c  i n j e c t i o n  o p p o r t u n i t y  may n o t  e x i s t  i f  l a u n c h  
az imuth  l i m i t s  such  as 100" and 104" are c h o s e n . )  The c u r v e  
i n  F i g u r e  9 for az imuth  l i m i t s  o f  83" and 97" shows t h a t  a 
2 h o u r  l aunch  window would be a s s u r e d  w i t h  t h e  83" and 97" 
l i m i t s .  An i n s e r t i o n  t r a c k i n g  s h i p  would be  r e q u i r e d  i n  t h i s  
c a s e .  

The t h i r d  g o a l  t o  be c o n s i d e r e d  i n  s h o r t e n i n g  t h e  
l a u n c h  window i s  a r e d u c t i o n  i n  t h e  complex i ty  o f  t h e  m i s s i o n  
i n  t e r m s  o f  p r e p l a n n i n g  and c a r r y i n g  o u t  t h e  m i s s i o n .  The 
s a t i s f a c t i o n  o f  t h i s  g o a l  depends upon t h e  s i z e  o f  t h e  az imuth  
s e c t o r  more t h a n  i t  depends upon t h e  p lacement  o f  t h e  s e c t o r  
r e l a t i v e  t o  t h e  90" az imuth  c a s e .  I n  p r e p l a n n i n g  a l u n a r  
m i s s i o n ,  a r e d u c t i o n  i n  t he  magni tude  of t h e  l a u n c h  az imuth  
s e c t o r  would r e d u c e  t h e  number o f  t r a j e c t o r i e s  which would 
have  t o  be i n v e s t i g a t e d .  The p r e p l a n n i n g  c o u l d  g e n e r a l l y  
be r educed  i n  p r o p o r t i o n  t o  t h e  r e d u c t i o n  i n  l a u n c h  az imuth  
s p a n .  The a t t i t u d e  t i m e l i n e  p l a n n i n g  would p e r h a p s  b e  s i m p l i -  
f i e d  s i n c e  t h e  o r b i t a l  i n c l i n a t i o n  would be  more n e a r l y  con- 
s t a n t .  I n  a d d i t i o n ,  t h e  l o g i s t i c s  o f  p r o p e r l y  p l a c i n g  t h e  
A / R I A  would be  s i m p l i f i e d  s i n c e  t h e  t r a n s l u n a r  i n j e c t i o n  b u r n s  
o c c u r  i n  a more n e a r l y  c o n s t a n t  g e o g r a p h i c a l  l o c a t i o n .  

V I I .  CONCT 'JSIONS 

There ?re a number o f  e f f e c t s  r e s u l t i n g  from a de- 
c r e a s e  i n  t h e  d u r a t i o n  of t h e  l a u n c h  window f o r  Apo l lo  l u n a r  
l a n d i n g  m i s s i o n s .  S e v e r a l  c o n c l u s i o n s  r e g a r d i n g  these  e f f e c t s  
are l i s t e d  b e l , d .  

(1) To m a x i m i z e  t h e  launch  window f o r  a g i v e n  pay- 
l o a d  l o s s ,  l aunch  az imuth  l i m i t s  which a r e  
s y m m e t r i c a l  w i t h  r e s p e c t  t o  90" s h o u l d  be  chosen .  

( 2 )  A one h o u r  l aunch  window can  be p r o v i d e d  w i t h  
an  a s s o c i a t e d  maximum l a u n c h  v e h i c l e  pay load  
loss of abou t  50 pounds i f  t h e  l a u n c h  az imuth  
l i m i t s  are changed t o  86" and 94" ( w i t h  7 2 O  
and 108" l i m i t s ,  t h e  maximum pay load  loss i s  
a b o u t  930  pounds ) .  



BELLCOMM, INC. - 13 - 

( 3 )  A o n e - h a l f  h o u r  l a u n c h  window c a n  be p r o v i d e d  w i t h  
a n  a s s o c i a t e d  maximum l a u n c h  v e h i c l e  p a y l o a d  loss 
o f  a b o u t  2 0  pounds i f  t h e  l a u n c h  a z i m u t h  l i m i t s  a re  
changed t o  88" and 9 2 O .  

(4) Any i n c r e a s e s  i n  l a u n c h  v e h i c l e  p a y l o a d  c a p a b i l i t y  
a c h i e v a b l e  t h r o u g h  a r e d u c e d  l a u n c h  window c a n  be 
u s e d  t o  i n c r e a s e  CSM m a r g i n s ,  s i n c e  t h e  CSM d o e s  
n o t  r e a c h  a " tank- l imi ted"  c o n d i t i o n  u n t i l  t h e  
i n j e c t e d  we igh t  approaches  1 0 3 , 0 0 0  pounds .  

( 5 )  I f  a l a u n c h  az imuth  o f  96" i s  u t i l i z e d ,  one m i n u t e  
o f  p o s t - i n s e r t i o n  t r a c k i n g  can  b e  o b t a i n e d  from 
t h e  A n t i g u a  s t a t i o n  w i t h o u t  u s i n g  a n  i n s e r t i o n  
t r a c k i n g  s h i p  and  t h e  l a u n c h  v e h i c l e  p a y l o a d  loss 
compared t o  t h e  90" a z i m u t h  c a s e  w i l l  be  a b o u t  80 
pounds .  

( 6 )  Three  l a u n c h  a b o r t  r e c o v e r y  s h i p s  used  w i t h  t h e  
" launch-on- t ime"  concep t  p r o v i d e  c a p a b i l i t i e s  
e q u i v a l e n t  t o  t h o s e  p r o v i d e d  by  4 s h i p s  i f  a 26O 
a z i m u t h  s e c t o r  i s  u s e d .  An e a r t h  p a r k i n g  o r b i t  
a b o r t  r e c o v e r y  s h i p  and  an a i r c r a f t  c o u l d  b e  e l i m i n a t e d  
i f  t h e  " launch-on-t ime" c o n c e p t  were u t i l i z e d .  

( 7 )  The re  a r e  no  b l a t a n t  v i o l a t i o n s  o f  e a r t h  p a r k i n g  
o r b i t  communicat ions and t r a c k i n g  r e q u i r e m e n t s  
f o r  any l a u n c h  az imuth  be tween 7 2 O  and  108~. 

( 8 )  Reducing t h e  l a u n c h  window e s s e n t i a l l y  t o  z e r o  
p r o v i d e s  t h e  p o s s i b i l i t y  o f  r e d u c i n g  t h e  number 
of  A / R I A  from 8 t o  as few as 4 b u t  s u c h  a r e d u c -  
t i o n  depends  h e a v i l y  upon t h e  p e r f o r m a n c e  o f  t h e  
A / R I A  communicat ions equipment  and  upon t h e  l o g i s t i c s  
o f  p l a c i n g  t h e  a i r c r a f t  a t  t h e  a p p r o p r i a t e  l o c a t i o n s .  

(9) One t r a c k i n g  s h i p  i s  r e q u i r e d  t o  s a t i s f y  p o s t -  
t r a n s l u n a r  i n j e c t i o n  t r a c k i n g  r e q u i r e m e n t s  f o r  = 
l a u n c h  a z i m u t h  between 72' and 108O i f  t h e  2nd or 
3 r d  o r b i t  A t l a n t i c  i n j e c t i o n  o p p o r t u n i t y  i s  t o  b e  
u t i l i z e d .  I f  t he  2nd or 3 r d  o r b i t  P a c i f i c  i n j e c t i o n  
o p p o r t u n i t y  i s  t o  b e  u t i l i z e d ,  no  t r a c k i n g  s h i p s  a r e  
needed  t o  s a t i s f y  t h e  p o s t - t r a n s l u n a r  i n j e c t i o n  
t r a c k i n g  r e q u i r e m e n t s .  

20  13-TBH-srb T .  B .  H o e k s t r a  

At t achmen t s  : 
R e f e r e n c e s  
F i g u r e s  1-9 
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AZIMUTH SECTOR (CENTERED ON 90') - DEG. 

F IGURE 3 LAUNCH WINDOW DURATION FOR VARIOUS LAUNCH AZIMUTH SECTORS 
(AZIMUTH SPREAD CENTERED ON 90') 
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S - I V B  CUTOFFS 

POST- INSERTION 

F I G U R E  5 - SCHEMATIC V I E W  OF INSERTION TRACKING COVERAGE FROM LAND STATIONS 
(COVERAGE CIRCLES SHOWN FOR 5' ELEVATION ANGLES AND 15' KEYHOLES) 
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F I G U R E  8 - MAXIMUM PAYLOAD LOSSES FOR VARIOUS LAUNCH WINDOW DURATIONS 
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